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For a nulling interferometer (e.qg., LIFE) there are several
mission level design variables that affect the design of
both the formation control and the optics.

We study the relative formation error and fuel usage of
these key variables.

Formation control and optical control must be co-
designed: formation errors couple directly into nulling
and modulation errors.
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(TPFI vs Darwin)

« 12,18, 24 hour rotation
rates (TPFI vs LIFE vs
Darwin)

* 45, 65, 85 degree pointing
angle (TPFI/LIFE/Darwin
inspired)
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2 x Controller PD vs CR3BP-LQI
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2 x Combiner |

placement In-plane combiner vs out-of-plane combiner

3 x Array rotation 12 h, 18 h, 24 h array-rotation periods
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2 x Controller PD vs CR3BP-LQI

2 x Combiner

placement In-plane combiner vs out-of-plane combiner ‘

3 x Array rotation 12 h, 18 h, 24 h array-rotation periods ‘

3 x Pointing angle 45°, 65°, 85° line-of-sight cases >
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5Pf Pink noise signal via a first-order autoregressive process, scaled proportionally to the
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5PTTL The Path change caused by spacecraft pointing jitter is added to a randomized
linear coupling matrix representing lingering post-calibration errors.
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Laser Metrology -

Pmeas — Ptrue - 5pshot. + 5pfreq + 5PTTL - 5pthermal

0 Radiometric link budget with a white noise draw that scales inversely with the square
Pshot )
root of that received power.
5Pf Pink noise signal via a first-order autoregressive process, scaled proportionally to the
e distance between spacecraft.
5PTTL The Path change caused by spacecraft pointing jitter is added to a randomized
linear coupling matrix representing lingering post-calibration errors.
5Pthermal Simulated via a first-order Gauss-Markov random walk applied directly to the

body-frame metrology head mounting vectors.
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Relative Factor Sensitivity Percentages -

Formation error Control effort

Rotation period | 1.3 2.9
Chief placement - 9.2 1.9
Pointing angle |- 4.5 21 0.4 0.1
Chief orbit family | 0.2 0.1 0.2 0.0
! !

| |
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Key Takeaways

GNC and optical control must be co-designed: Formation errors
couple directly into optical-path difference and planet-modulation error.

Controller selection sets the accuracy-propellant trade: CR3BP-
LQI achieved 1-2 mm error, but came with the cost of higher Av; with
LQI, the out-of-plane combiner adds a large Av penalty.

Array-rotation periods are the common Av driver: Array rotation
periods raise Av, and substantially increase LQI formation error. Pointing
~angle and chief-orbit family were secondary.

Any Questions?

Aiden Weatherbee, MSc, Astronautics and Robotics Laboratory (ASTRO Lab),
York University, Email: aidenweatherbee@hotmail.com



